Structural and Biological Basis for Proprioception by Vega, José A. & Cobo, Juan
Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)
Interested in publishing with us? 
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com
Open access books available
Countries delivered to Contributors from top 500 universities
International  authors and editors




the world’s leading publisher of
Open Access books







Structural and Biological Basis for 
Proprioception
José A. Vega and Juan Cobo
Abstract
The proprioception is the sense of positioning and movement. It is mediate by 
proprioceptors, a small subset of mechanosensory neurons localized in the dorsal 
root ganglia that convey information about the stretch and tension of muscles, 
tendons, and joints. These neurons supply of afferent innervation to specialized 
sensory organs in muscles (muscle spindles) and tendons (Golgi tendon organs). 
Thereafter, the information originated in the proprioceptors travels throughout two 
main nerve pathways reaching the central nervous system at the level of the spinal 
cord and the cerebellum (unconscious) and the cerebral cortex (conscious) for 
processing. On the other hand, since the stimuli for proprioceptors are mechanical 
(stretch, tension) proprioception can be regarded as a modality of mechanosen-
sitivity and the putative mechanotransducers proprioceptors begins to be known 
now. The mechanogated ion channels acid-sensing ion channel 2 (ASIC2), tran-
sient receptor potential vanilloid 4 (TRPV4) and PIEZO2 are among candidates. 
Impairment or poor proprioception is proper of aging and some neurological 
diseases. Future research should focus on treating these defects. This chapter 
intends provide a comprehensive update an overview of the anatomical, structural 
and molecular basis of proprioception as well as of the main causes of propriocep-
tion impairment, including aging, and possible treatments.
Keywords: proprioception, muscle spindles, mechanotransduction, ion channels, 
proprioceptive pathways, spinocerebellar tracts
1. Introduction
Proprioception is a wider sense, that include position and movement of parts 
of the body relative to one another, and the force and effort associated with muscle 
contraction and movement. But properly the term proprioception applies for the 
sensory information contributing to sense of self position, whereas kinesthesis 
refers of sense of movement. The first one is regarded as an automatic function and 
unconscious in contrast with the second one considered as conscious. In the words 
of Kröger and Watkins [1] “Proprioceptive information informs us about the contractile 
state and movement of muscles, about muscle force, heaviness, stiffness, viscosity and 
effort and, thus, is required for any coordinated movement, normal gait and for the 
maintenance of a stable posture”. This information travels to the central nervous 
system, but differently to other components of somatosensitivity, a great part of the 
proprioceptive sense does not reach consciousness. This is probably due to suppres-
sion as a consequence of the motor signals [2] or inhibitions along somatosensory 
pathways [3]. The precise knowledge of the pathways of proprioception, especially 
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those of conscious proprioception, are of capital interest to better understand 
this sense. The techniques of neuroimaging are providing new insights about the 
cerebral process of proprioception.
Proprioception originates by the activation of proprioceptors at the periphery. 
Proprioceptors are a subset of mechanosensory neurons that provide afferent 
innervation to specialized sensory organs located inside the muscles and tendons, 
but probably also in joint capsules and ligaments, and the skin. According to Proske 
and Gandevia [4, 5] the sense of “proprioception is achieved through a summation of 
peripheral sensory input describing the degree of, and changes in, muscle length and ten-
sion, joint angle, and stretch of skin”. In fact, the proper definition of proprioception 
coined by Sherrington in 1906 (“In muscular receptivity we see the body itself acting 
as a stimulus to its own receptors—the proprioceptors”) suggest that the body contains 
different kinds of proprioceptors. Here we have focused on muscle spindles and 
Golgi’s tendon organs. Especial interest was done on the mechanisms of mechano-
transduction and the ion channel in this process.
Proprioception is impaired in some physiological and pathological situations. 
It will gain interest in the coming years due to the aging of population: the deficit 
of proprioception is associated with the increased frequency of falls in the elderly 
[6–8]. Furthermore, several diseases, especially some neurodegenerative disorders, 
course with proprioception deficits [9, 10] which treatment require a better knowl-
edge of the molecular aspects of proprioception and new active research.
This chapter is aimed not to perform a Review on all the different aspects of 
proprioception but just to review some general and recent advances in propriocep-
tion. We intend to provide the readers of this book with an up-to-date appraisal of 
the structural and biological basis of proprioception. There are excellent reviews 
on the topic [4, 5, 11, 12] and we forward the interested to them. Robert W. Banks’ 
extraordinary paper (2015) [13] masterfully sums up the history of knowledge of 
muscle spindles. Likewise, the recent reviews Kröger [14] Kröger and Watkins [1] 
are mandatory.
2. Proprioceptors
The peripheral receptors of proprioception are located in tissues around the 
joints, including skin, muscles, tendons, fascia, joint capsules, and ligaments [15] 
which contains different morphotypes of mechanoreceptors [16]. It is currently 
believed that proprioception is not generated by a single receptor, but by multiple 
of receptors. In any case proprioception has been related with sensory receptors 
localized in the muscles while kinesthesis has been more associated with joint and 
cutaneous receptors [17–19]. Nevertheless, the historically regarded as true proprio-
ceptors are muscle spindles and Golgi’s tendon organs.
The joints mechanoreceptors are Ruffini-like and Pacinian corpuscles which signal 
joint movement but not movement direction or joint position [15]. Regarding 
cutaneous receptors four kinds of mechanoreceptors are present in glabrous skin 
(Meissner’s corpuscles, Pacinian corpuscles. Ruffini corpuscles and Merkel cell-
neurite complexes) [20–22]. A definitive role of cutaneous mechanoreceptors as 
proprioceptors has not been definitively established [23–25] although it is possible 
a convergence between cutaneous and muscle afferents at the spinal cord and 
thalamic levels.
But independently of the modest contribution of cutaneous and articular 
mechanoreceptors to proprioception, the main stretch-sensitive receptors are 
muscle spindles found in most, but not all, skeletal muscles. For instance, they are 
absent form most cephalic muscles [26, 27]. Interestingly, muscle spindles are more 
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abundant in muscles in which the precision of movements must be accurate. On 
the other hand, the main tension-sensitive receptors are the Golgi’s tendon organs, 
located at the ends of muscle fibers [28, 29]. These two sensory organs respond to 
changes in mechanical conditions, namely in muscle length (muscle spindles) or in 
actively generated force (Golgi-tendon organs) but both are contraction receptors.
2.1 Muscle spindles
Vertebrate muscle spindles are complex sensory organs that have both sensory 
and motor innervation. Each muscle spindle receives at least one sensory fiber that 
innervate specialized muscle fibers denominated intrafusal fibers. These intrafusal 
fibers also receive motor innervation by γ-motoneurons [30, 31]. Structurally, they 
are encapsulated mechanoreceptors, and functionally are slowly adapting-loth 
threshold mechanoreceptors [5].
Muscle spindles are highly variable in number from none in most cephalic 
muscles (see [27]) to numerous in lumbrical or deep neck muscles [32, 33]. These 
differences are attributed functional muscular demands of muscles but the num-
ber of muscle spindles per motor unit is rather equal [34]. Also, no topographical 
differences in muscle spindles between mono- and multiarticular muscles were 
noted [35].
Within the connective capsule that delimits each muscle spindles there are 
the intrafusal fibers and the periaxial space filled with a fluid. Three zones can 
be differentiated at the muscle spindle: the central or equatorial zone, the juxta-
equatorial zone, and the terminal or polar zone; small segments of the intrafusal 
fibers can be found outside the poles of the muscle (Figure 1).
The intrafusal muscle fibers. Banks and co-workers [36] established that mam-
malian muscle spindles regularly contain three types of intrafusal muscle fibers. 
Based on their morphology and the arrangement of nuclei in the equatorial zone 
they fall into two main categories: nuclear bag fibers and nuclear chain fibers. Bag 
Figure 1. 
Schematic representation of a muscle spindle and a Golgi’s tendon organ. Muscle spindles are capsulated 
mechanoreceptors that consist of intrafusal muscle fibers (bag1, bag2 and chain), a periaxial space filled with 
a fluid, and a connective capsule. They are supplied by Ia (blue) and II (green) afferents. Golgi’s tendon organs 
are capsulated mechanoreceptors that consist of collagen fibers and type Ia afferents (red).
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and chain fibers differs in structure, histochemical profile (myosin type, ATPase 
activity [37–39]) and functional properties. Bag fibers are greater in diameter and 
length than chain fibers, extend outside of the capsule, and they can be subdivided 
into bag1 and bag2 types (see for a review [40]). Human contains on average 8–20 
intrafusal fibers and can lack bag1 or bag2 fibers [37].
As mentioned previously, muscle spindles are stretch detectors, i.e. 
“they sense how much and how fast a muscle is lengthened or shortened” [41]. 
Accordingly, when a muscle is stretched this change in length is transmitted to 
the intrafusal fibers which are in turn stretched. And to respond appropriately 
intrafusal fibers are double innervated by afferent sensory neurons and efferent 
motoneurons.
Sensory innervation. “Just as the number of sensory endings varies from spindle to 
spindle, even within a single muscle, so also does the number of motor axons supplying 
those spindles” [13].
There are two types of afferents that innervate intrafusal fibers: primary 
(type Ia) and secondary (type II) endings which differ in their axonal conduction 
velocity [13].
Each muscle spindle receives only one Ia afferent surrounding like a dock 
the equatorial zone of all the intrafusal fibers (spirals or annulospiral endings) 
(Figure 1). When spiral endings deform detect changes in length of the muscle. 
Primary afferents are sensitive to dynamic stretch, have irregular spontaneous 
or volitionally maintained discharge, and exhibit an off-response at the point of 
relaxation (i.e., muscle stretch) followed by a slow ramping isometric contraction; 
they are off during rapid voluntary contraction [13].
The number type II afferent endings in a muscle spindle varies from zero to 
five, and they supply one intrafusal fiber terminating mainly on nuclear chain 
fibers. The endings of the secondary afferents are spirals ending on the polar 
ends of the intrafusal fibers (Figure 1). Secondary afferents have a regular tonic 
discharge, and do not exhibit an off-response at the termination of a voluntary 
ramp-and-hold contraction [42, 43].
Motor innervation. In addition to sensory neurons, intrafusal muscle fibers are 
also innervated by efferent motoneurons (fusimotor innervation). Axons of moto-
neurons enter the muscle spindle together with the sensory fibers and innervate 
intrafusal fibers in the polar regions forming motor endplates.
Motor innervation originates from myelinated γ-motoneurons (diameter 
4–8 μm), also known as fusimotor motoneurons. They have been differentiated 
into static and dynamic. Dynamic axons have a weak effect on primary afferent 
firing while the static ones have a great influence on both primary and secondary 
afferents (see [43]).
Occasionally additional afferent innervation of muscle spindles originates from 
axons that also supply extrafusal muscle, known as β-motoneurons or skeleto-
fusimotor fibers. These fibers supply both intrafusal and extrafusal fibers via motor 
endplates at the polar ends. The endplates of γ-motoneurons differ structurally 
from those formed by α-motoneurons on extrafusal fibers, but both are cholinergic 
synapses with many features in common, including junctional folds and a basal 
lamina filling the synaptic cleft. [42–46].
Stimulation of γ-motoneurons result in excitation of both Ia and II muscle 
spindle afferents. On the other hand, stimulation of α-motoneurons supplying 
extrafusal muscle fibers, results in coactivation of γ-motoneurons which in turn 
causes the contraction of the polar ends of the intrafusal fibers, restoring tension 
and sensitivity of the muscle spindle to stretch.
Thus, the γ-motoneuron function control the sensitivity of muscle spindle 
afferents as length detectors. Therefore, the muscle spindle’s function as a length 
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sensor arises essentially from its anatomical relationship with its parent muscle. 
Any length change in the parent muscle result in stretch of intrafusal fibers that is 
then detected by sensory receptors located on the equatorial and polar regions of 
the muscle spindle [44].
2.2 Golgi’s tendon organ (tendon spindle)
The Golgi-tendon organ or tendon-spindle, localized at the origins and inser-
tion of tendon, or rarely within the tendon. It is a mechanoreceptor that informs on 
muscle tension via its Ib afferent (Figure 1).
Structurally it consists of a capsule and within it there are loosely packed col-
lagen fibers and muscle fibers (3–50). Among these elements there is a unique Ia 
afferent which branches to innervate the distal and the proximal parts of the organ 
[28, 47]. With respect to the skeletal muscle fibers the Golgi-tendon organ is in 
series between muscle and tendon.
The Golgi-tendon model react to “static and dynamic responses to activation 
of single motor units whose muscle fibers insert into the Golgi tendon organ, self 
and cross adaptation, non-linear summation when multiple motor units are active 
in the muscle, and the proportional relationship between the cross-adaptation and 
summation recorded for various pairs of motor units” [47, 48].
3. Mechanotransduction in muscle spindles
The sensory terminals of muscle spindles appear to adhere to the surface of the 
intrafusal muscle fibers, and although they possess a basal lamina in close contact 
with the plasmalemma it is absent at the sensory terminals.
3.1 Afferent glutamate-ergic neurotransmision in muscle spindles?
Bewick and co-workers [44] have demonstrate the occurrence of a complete 
gutamatergic neurotransmission system in the afferents of muscle spindles associ-
ated to the synaptic-like vesicles typical of those terminals. Exogenous glutamate 
enhances spindle excitability, an effect that can be pharmacologically blocked with 
specific molecules. On the other hand, synaptic-like vesicles contain glutamate, 
which is released during membrane cycling and, subsequently, a requirement for a 
replenishment mechanism.
This observation, however, does not exclude the possibility that other neuroac-
tive substances also occur in these sensory terminals.
3.2 Ion channels and mechanorasduction in muscle spindles
In addition to the possible classical neurotransmission, the primary mechanism 
of mechanical transduction in muscle spindle sensory endings is the activation 
of stretch-sensitive ion channels. In mechanotransduction, i.e. the conversion of 
mechanical stimuli into biological or electrical signal, is triggered by members of 
the superfamilies of degenerin-epithelial Na+-channels (Deg-ENa+C; including 
acid-sensing ion channels -ASIC-), transient receptor potential channels (TRP), 
two-pore domain potassium (K2p), and PIEZO [49, 50]. Some of them have 
been detected directly in proprioceptors as well as in primary sensory neurons 
innervating them. However, and similarly as in cutaneous mechanoreceptors, the 
stretch-sensitive channels responsible for transducing mechanical stimuli in spindle 
afferents awaits definitive identification (see [51]).
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There is mounting evidence for the involvement of members of the Deg/
ENa+C superfamily as mechanosensory channel(s) in mammalian primary afferent 
neurons, and in the sensory endings of muscle spindles [52–54]. All four subunits 
of the ENaC channel (α, β, γ and δ) are present in in spindle primary-sensory 
terminals [44, 54].
ASICs are members are a family of voltage-insensitive cation channels expressed 
in the nervous system and many types non-nervous cells. In rodents and humans 
six ASIC subtypes (ASIC1a, ASIC1b, ASIC2a, ASIC2b, ASIC3, and ASIC4) have 
been identified and their expression patterns are now rather well known [55, 56]. 
Regarding muscle spindles, evidence has been obtained in favor of a role of ASIC2 
as primary mechanotransducer [53, 54]. Consistently, mice deficient in ASIC2, and 
also in ASIC3, show deficits in mechanical sensitivity [57–59].
PIEZO are Ca2+-permeable mechanosensitive channels characterized by their 
large size and structure [60–62]. Piezo2 is expressed in proprioceptive dorsal 
root ganglia (DRG) neurons [63, 64] as well as sensory endings of proprioceptors 
innervating muscle spindles and Golgi tendon organs in mice [64]. Loss of PIEZO2 
in proprioceptive neurons results in ataxia and dysmetria, severely uncoordinated 
body movements and abnormal limb positions, contracture of multiple joints, and 
muscle weakness, suggesting that PIEZO2 requirement for the activity of these 
mechanosensors [64–69]. Recently, an elegant study by the Ana Gomis’s group cor-
roborated these findings using mesencephalic nucleus proprioceptive neurons [70].
Regarding TRP channels there is little evidence for a role in low-threshold 
 sensation in spindles.
4. Proprioceptive pathways
To drive proprioception to the central nervous system two different pathways 
must be considered: the unconscious proprioception is convoyed primarily via 
the spinocerebellar tracts to the cerebellum while the conscious proprioception is 
convoyed by the dorsal column-medial lemniscus pathway and the thalamus to the 
cerebral cortex.
Classically, the proprioceptive pathways of the spinal nerves have been 
described as a 2 neurons chain (Figure 2). The primer order neuron is a pseudo-uni-
polar neuron whose bodies are localized in DRG whose peripheral axonal branches 
reach proprioceptors (especially muscle spindles and Golgi tendon organs) and 
the central branch reach the base of the dorsal horn of the spinal cord. The second 
order neurons are placed in the medial Stilling-Clarke’s column (which extends 
between the medullary segments C8 and L2) and the lateral Bechterew’s column, 
both corresponding to the Rexed’s lamina VII of the dorsal horn; in these columns 
the spinocerebellar tracts (dorsal or Foville-Flechsig fascicle and ventral or Gowers 
fascicle) originate to ascend and reach the cerebellum. This information is neces-
sary unconscious. The spinocerebellar neurons together provide the major direct 
sensory projection from the hindlimbs and lower part of the trunk to the cerebel-
lum. A parallel system serving the forelimbs includes the direct cuneocerebellar and 
rostral spinocerebellar tracts and other indirect pathways via the lateral reticular 
nucleus and the inferior olive.
Nevertheless, some aspects of the proprioception are conscious, and therefore 
the information must reach the cerebral cortex. For these components of the 
proprioceptive sensitivity, the proprioceptive pathways consist of a 3 neurons chain 
(Figure 2). The primary order neurons are placed in DRG and the central branch 
of their axons ascend throughout the dorsal columns of the spinal cord to reach 
the gracile and cuneate nuclei in the medulla. In those nuclei are placed the bodies 
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of the secondary order neurons whose axons project to the ventral postero-lateral 
(VPL) nucleus of the thalamus (tertiary order neuron) whose axons end in the 
somatosensory cortex to provide the conscious perception of proprioception.
A particular question arises from cephalic muscles. They are innervated by 
cranial nerves and most of them (with the exception of jaw muscles and extraocular 
muscles) lack typical proprioceptors, i.e. muscle spindles. At present is commonly 
accepted that the proprioception of the cephalic territory depends on the trigeminal 
nerve [27, 71]. But the Gasser’s ganglion of the trigeminal nerve does not contain 
proprioceptive neurons, while they are localized in the trigeminal mesencephalic 
nucleus.
4.1 Primary order neurons: the proprioceptive neurons
The proprioceptive neurons represent a small population (about 7–10%) of DRG 
primary sensory neurons and correspond with those with the largest cell bodies 
[72]. They can be classified and distinguished from other dorsal root ganglion neu-
rons as a unique neuronal population using single cell transcriptome analysis [73]. 
They typically express the neurotrophin receptor TrkC (the preferred ligand for 
neurotrophin-3) and the Ca2+-binding protein parvalbumin [74], as well as other 
markers that define this neuronal population [75].
Figure 2. 
Schematic representation of proprioceptive unconscious (black) and conscious (blue) pathways reaching the 
cerebellum and the brain, respectively.
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The peripheral branch of the axons of the proprioceptive pseudo-unipolar 
neurons forms large-myelinated Aα and Aβ fibers in peripheral nerves, while the 
central branch stablish synapse in the spinal cord or ascends throughout the dorsal 
columns of the spinal cord to reach the gracile and cuneate nuclei in the medulla. 
Some peripheral branches, however, travel through the cuneatus tract and ascend 
the cervical spinal cord to reach the medulla oblongata to reach the accessory cune-
ate nucleus.
4.2  Secondary order neurons: the medial stilling-Clarke’s (nucleus dorsalis) and 
lateral Bechterew’s columns
The secondary order neurons of the proprioceptive pathways are localized at the 
base of the dorsal horn of the spinal cord, in correspondence with the VII Rexed’s 
lamina, also known as the intermediate zone of the spinal cord. In this place two 
nuclear columns were classically considered: the nucleus dorsalis of Clarke (also 
known as Clarke’s column, dorsal nucleus, posterior thoracic nucleus) and the 
medial nucleus (also known as Bechterew’s nucleus). The axons of the neurons 
localized at these places form the spinocerebellar tracts.
4.3 The spinocerebellar tracts – unconscious proprioception
The tracts that carry unconscious proprioceptive information are collectively 
known as the spinocerebellar tracts. Within the spinocerebellar tracts, there are four 
individual pathways: ventral, dorsal, rostral and cuneocerebellar.
4.3.1  Ventral spinocerebellar tract (VSCT; anterior spinocerebellar, Gowers’ 
fascicle)
VSCT originates mainly from the medial part of lamina 7 in the lumbosacral 
segments, from the dorsolateral nucleus of lamina 9 at L3-L6, and also from the 
neurons of the ventrolateral nucleus of lamina 9 and the lateral part of lamina 7 at 
L4-L5 segments [76, 77]. Axons decussate in the anterior white commissure and run 
in the ventral border of the lateral funiculi. They ascend through the brainstem to 
the pons where turn dorsally and enter the cerebellum throughout the superior cer-
ebellar peduncle. For the most part, the ventral spinocerebellar tract axons recross 
the midline in the deep white matter of the cerebellum to terminate ipsilaterally. It 
terminates in the cortex of the anterior lobe and vermis of the posterior lobe and 
give collaterals to the globose and emboliform nuclei.
4.3.2  Dorsal spinocerebellar tract (DSCT; posterior spinocerebellar tract, Flechsig’s 
fasciculus, Foville-Flechsig fasciculus)
This nucleus is present from Th1 through the second lumbar spinal segments 
and is largest in the lower thoracic and upper lumbar segments [77]. The cells of 
origin of the DSCT are classically described as residing in Clarke’s column of the 
lumbar and thoracic spinal cord segments. The nucleus dorsalis of Clarke is a group 
of neurons localized in the medial part of lamina VII extending from C7 to L2 levels 
related to the proprioception of the lower limb. Caudally it begins at L2 level and 
reaches its maximum at Th12 level and above Th8 level its size diminishes, and the 
column ends at C7 level. Nevertheless, it is represented in other spinal regions by 
scattered neurons, which become aggregated to form a cervical nucleus at C3 level 
and a sacral nucleus in the middle of the sacral spine region (Figure 2).
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In addition, other groups of neurons that also belong to DSCT are located 
throughout the intermediate and dorsal laminae of the thoracic and lumbosacral 
segments of the spinal cord. The axons of the DSCT ascends ipsilaterally in the 
peripheral region of the funiculus lateralis of the spinal cord. Then, they continue 
to course through the medulla oblongata and finally pass through the inferior 
cerebellar peduncle and into the cerebellum, and terminate in the cerebellar cortex 
of lobules I–V, in the anterior lobe and in the posterior lobe vermis and paramedian 
lobe. In addition to those cortical projections, there is evidence that DSCT fibers 
also terminate in the medial and interpositus cerebellar nuclei.
4.3.3 Rostral spinocerebellar tract
The rostral spinocerebellar tract appears to be the upper extremity homolog of 
the ventral spinocerebellar tract. The neurons of origin of this tract are located in 
Rexed laminae V-VII of the C5-C8 segments. The projection is predominantly ipsilat-
eral, but there is also a minor bilateral projection. The axons of the rostral spinocer-
ebellar tract neurons terminate in the anterior and paramedian lobule cerebellar.
4.3.4  Cuneocerebellar tract (posterior external arcuate fibers, dorsal external 
arcuate fibers)
DSCT does not convey information from the upper limb since the nucleus dorsalis 
does not extend into the cervical spinal cord. Therefore, there is another proprio-
ceptive pathway for the upper limb: the cuneocerebellar tract. The secondary order 
neurons of this nucleus pass to the inferior ipsilateral cerebellar peduncle to reach 
the spinocerebellum.
4.3.5 Other spinocerebellar tracts
There are additional ascending direct and indirect spinocerebellar pathways. 
The spinocervical tract relays in the lateral cervical nucleus and projects to the 
ventral postero-lateral (VPL) nucleus of the thalamus. The spinohypothalamic and 
spinoamygdalar tract provides sensory input to areas of the nervous system involved 
in controlling autonomic, endocrine and emotional responses. Sensory informa-
tion from the hindlimbs is also relayed by indirect spinoreticulocerebellar pathways 
through at least two olivocerebellar pathways: the indirect spinoreticuloolivocerebel-
lar tract and the direct spinoolivocerebellar tract.
These pathways provide necessary information regarding the current status of 
reflex pathways, as well as muscle tone, length and tension that consent the cerebel-
lum to coordinate and regulate motor activity.
4.4 The brain connection – conscious proprioception
According to Proske and Gadivia [4] there are at least two reasons for including 
body schemas and images in the study and discussion of proprioception. “First, 
while proprioceptors provide information about position and movement of the limb, they 
are unable to signal the length of limb segments and therefore the absolute location of the 
limb in space. Second, there is the issue of body ownership”. The blind movement of a 
limb, while proprioceptive feedback informs us about the movement, we need to be 
able to identify the moving limb as our own [78, 79]. Carruthers has proposed that 
all representations of the body are available to consciousness [80]. “On-line,” newly 
constructed body representations, provided by inputs from vision, touch, and 
Proprioception
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proprioception, generate a perception of the body as it actually is at any moment in 
time, an image which is able to change from moment to moment. It is distinguished 
from an “off-line” representation constructed, in part, from current sensory inputs, 
in part, from stored memories and is available to consciousness both immediately 
and after retrieval of memories.
In the last times neuroimaging has strongly contributed to the knowledge of 
the central activity patterns produced by proprioceptive stimuli, to the recogni-
tion of the integration of proprioceptive inputs with inputs from other senses and 
the identification of central areas involved in the integration [81]. These include 
regions in the parietal cortex [82–85] including the primary somatosensory cortex 
[86, 87]. Furthermore, parts of the frontal cortex and insula [88, 89] are involved 
in proprioception.
4.5 The mesencephalic trigeminal nucleus
The mesencephalic trigeminal nucleus is a sensory structure located at the meso-
pontine junction and contains the cell bodies of primary order afferent propriocep-
tors that innervate muscle spindles of the muscles of mastication and other muscles 
of the head and neck [27, 71]. Whether these primary sensory neurons are gener-
ated directly in brain or have a of neural crest origin is stell debated. Classically it 
has been regarded as a representation of a peripheral sensory ganglion similar to 
DRG that became incorporated into de brainstem during embryonic development, 
although molecular studies support a central origin for these cells [90, 91].
It projects to the dorsolateral division of the trigeminal motor nucleus and to the 
supratrigeminal nucleus, which are involved in humans in the jaw-jerk reflex and 
the periodontal-masseteric reflex [92] (for a review see [93]).
5.  Propioception from a clinical perspective: causes for impaired 
proprioception
Proprioception is critical factor for stability, and it is well known it deteriorates 
in aged people [94]. In fact, the proprioceptive system undergoes significant 
structural and functional changes with aging which cause a progressive decline in 
somatosensibility including proprioception [95–97].
Aging courses with muscle weakness from sarcopenia, decrease in the number 
of intrafusal fibers in muscle spindles, and denervation. All together these facts 
diminished muscle force and consistently the proprioception which, in turn 
determinate the increase in falls in the elderly with clinical and public health 
consequences. The specific relationship between muscle strength and propriocep-
tion should be explored further as it may provide a basis for the claim that exercise 
improves standing stability. Interestingly, to achieve a reduction in the incidence 
of falls, it is not sufficient to improve muscle strength alone as exercises are 
required which actually challenge standing stability. These changes might con-
tribute to the frequent falls and motor control problems observed in older adults. 
On the structural level, muscle spindles in aged humans possess fewer intrafusal 
fibers, an increased capsular thickness and some spindles which show signs of 
denervation [98, 99].
A variety of neurological diseases are characterized by irregular, jerky move-
ment or posture due to loss of proprioceptive sensory feedback, a disturbance called 
afferent ataxia. The affected neurons are primary sensory neurons in the dorsal 
root ganglia relaying body position and movement (proprioception) to the central 
nervous system. Proprioception dysfunction can be caused by injuries and disorders 
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that affect any part of the proprioceptive system between the sensory receptors that 
send the signals to the parts of the brain that receive and interpret them. The risk of 
proprioception loss increases as we age due to a combination of natural age-related 
changes to the nerves, joints, and muscles. Examples of injuries and conditions that 
can cause proprioceptive deficit include: brain injuries, herniated disc, arthritis, 
multiple sclerosis (MS), stroke, autism spectrum disorder (ASD), diabetes, periph-
eral neuropathy, Parkinson’s disease, Huntington’s disease, ALS (amyotrophic 
lateral sclerosis), or Lou Gehrig’s disease. Joint injuries, such as an ankle sprain or 
knee sprain, joint replacement surgery, such as hip replacement or knee replace-
ment, Parkinson’s disease. Primary proprioceptive neurons may be the target of 
hereditary, developmental, degenerative, toxic, inflammatory and autoimmune 
pathology. Accordingly, typical clinical consequences of pathology affecting 
proprioceptive neurons, in addition to afferent ataxia, include loss of deep tendon 
(stretch) reflexes and of conscious perception of position and movement of body 
parts, often associated with loss of perception of vibration [9]. Recently, Dionisi 
and co-workers have obtained proprioceptive primary sensory neurons from 
iPSCs, and the generation of intrafusal fibers in vitro are opening new perspec-
tives for the treatment of some ataxia linked to altered primary proprioceptive 
neurons [100, 101].
© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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